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(57) ABSTRACT

A drive shaft for coupling with a drive gear having a gear shaft
extending outwardly therefrom. The gear shaft includes a
twisted triangular coupling hole having defined vertices. The
drive shaft includes a cylinder flange joined to one end of a
drive shaft cylinder, the cylinder flange having a concentric
shaft extending outwardly therefrom and a plurality of mem-
bers extending longitudinally outwardly from the concentric
shaft, wherein the members are adapted to fit within the
twisted triangular coupling hole. The plurality of members
may include parallelogram-shaped prongs. Alternatively, a
rod extends outwardly from the concentric shaft. The rod has
three skewed blades that extend radially outwardly there-
from. Another aspect is a material supply module including a
drive shaft.

18 Claims, 6 Drawing Sheets
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FIG. 1
(PRIOR ART)
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FIG. 2
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1
MATERIAL SUPPLY MODULE DRIVE SHAFT

BACKGROUND

Many copiers, facsimile apparatus, printers, and similar
electrostatographic image forming devices include a replace-
able or refillable material supply module. The material supply
module is typically connected to a device via a drive shaft and
gear shaft coupling arrangement, which generally includes a
drive shaft integral to the module that interacts with a gear
shaft integral to the particular device.

FIG. 1 shows a drive shaft and gear shaft coupling arrange-
ment 20, which is currently used in the material supply mod-
ule of copiers, facsimile apparatus, printers, and similar elec-
trostatographic image forming devices. A drive gear 22 drives
a driveshaft cylinder 24 of a drive shaft 25. Drive gear 22
includes a gear shaft 26 at its center and an outside edge 28
having gear teeth. Gear shaft 26 has a front surface 30, which
includes a twisted triangular coupling hole 32 having defined
vertices 33 formed therein. Driveshaft cylinder 24 is fixedly
mounted with a cylinder flange 34, which includes an axially
outwardly extending concentric shaft 36 and an outside edge
38 having gear teeth. Concentric shaft 36 includes an axially
outwardly twisted, triangular coupling member 40, which is
axially raised from an outer surface 42 of the shaft for cou-
pling to twisted triangular coupling hole 32 on gear shaft 26 of
drive gear 22.

During the life of a device, driveshaft cylinder 24 and drive
shaft 25 may be replaced one or more times depending on the
frequency of use. Cylinder flange 34 is typically replaced
when driveshaft cylinder 24 and drive shaft 25 are replaced.
Because twisted triangular coupling member 40 of cylinder
flange 34 generally twists in one direction and its torque
forces are adjacent its axis of rotation, its fabrication is both
complicated and expensive. In addition, because the torque
forces acting on twisted triangular coupling member 40 of
cylinder flange 34 are adjacent its axis of rotation, the member
encounters high stresses.

BRIEF SUMMARY

According to one aspect, there is provided a drive shaft for
coupling with a drive gear having a gear shaft extending
outwardly therefrom, the gear shaft including a twisted trian-
gular coupling hole having defined vertices. The drive shaft
includes a cylinder flange joined to one end of a drive shaft
cylinder, the cylinder flange having a concentric shaft extend-
ing longitudinally outwardly therefrom and a plurality of
members extending longitudinally outwardly from the con-
centric shaft, wherein the members are adapted to fit within
the twisted triangular coupling hole.

According to another aspect, there is provided a module
installable in a printing apparatus. The module is adapted for
coupling with a drive gear, the drive gear having a gear shaft
extending outwardly therefrom. The gear shaft includes a
twisted triangular coupling hole having defined vertices
therein. The module includes a housing and a drive shaft
joined with the housing. The drive shaft includes a cylinder
flange joined to one end of a drive shaft cylinder. The cylinder
flange has a concentric shaft extending longitudinally out-
wardly therefrom and the concentric shaft includes an outer
surface that is configured to be substantially parallel to a front
surface of the gear shaft. A plurality of members extend
outwardly from the outer surface of the concentric shaft. The
members include a mechanism for engaging the twisted tri-
angular coupling hole.
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According to yet another aspect, there is provided a drive
shaft for coupling with a drive gear having a gear shaft
extending outwardly therefrom. The gear shaft includes a
twisted triangular coupling hole having defined vertices. The
drive shaft includes a cylinder flange joined to one end of a
drive shaft cylinder. The cylinder flange has a concentric shaft
extending longitudinally outwardly therefrom. A rod extends
outwardly from the concentric shaft. The rod has three
skewed blades extending radially outwardly therefrom and
the rod and blades are adapted to fit within the twisted trian-
gular coupling hole.

BRIEF DESCRIPTION OF THE DRAWING

Referring now to the figures, which are exemplary embodi-
ments, wherein like items are numbered alike:

FIG. 1 is a prior art drive shaft and gear shaft coupling
arrangement;

FIG. 2 is a drive shaft and gear shaft coupling arrangement
according to one embodiment of the present application;

FIG. 3 is a section view take along line 3-3 of FIG. 2;

FIG. 4 is a side view of one of the three parallelogram-
shaped prongs in FIG. 2;

FIG. 5 is a front isometric view of one of the three paral-
lelogram-shaped prongs in FIG. 2;

FIG. 6 is a material supply module according to one
embodiment of the present application; and

FIG. 7 is a drive shaft and gear shaft coupling arrangement
according to one embodiment of the present application.

DETAILED DESCRIPTION

FIG. 2 is a drive shaft and gear shaft coupling arrangement
120. Arrangement 120 has a drive shaft 125 for coupling with
drive gear 22, which includes gear shaft 26 extending out-
wardly therefrom. Drive shaft 125 is similar to drive shaft 25
as reflected by similar or identical element numbers. Gear
shaft 26 includes twisted triangular coupling hole 32, which
has defined vertices 33. Drive shaft 125 includes cylinder
flange 34 joined to one end of drive shaft cylinder 24. Cylin-
der flange 34 has a concentric shaft 36 extending longitudi-
nally outwardly therefrom and an outside edge having gear
teeth 38 defined therein. A plurality of members 128 extend-
ing longitudinally outwardly from concentric shaft 36. Con-
centric shaft 36 and plurality of members 128 extend longi-
tudinally outwardly with respect to the longitudinal axis of
drive shaft 125, around which the drive shaft rotates as indi-
cated by the rotational arrows. Plurality of members 128 are
adapted to fit within twisted triangular coupling hole 32. In
FIG. 2, plurality of members 128 are three parallelogram-
shaped prongs. In other embodiments, plurality of members
128 may be any shape providing they extend longitudinally
outwardly from concentric shaft 36 and fit within twisted
triangular coupling hole 32.

Referring now to FIGS. 3-5, in one embodiment, each of
parallelogram-shaped prongs 128 includes an outward facing
angle 130 of about 60°, which substantially matches the angle
of one of vertices 33 of twisted triangular coupling hole 32.
Typically, each of parallelogram-shaped prongs 128 has a
particular vertical angle 132, which helps each prong substan-
tially match the twist of twisted triangular coupling hole 32.
Each of parallelogram-shaped prongs 128 may also be axially
twisted along an axis 134, which is parallel to concentric shaft
36, so as to better fit in twisted triangular coupling hole 32.

Referring again to FIG. 2, outer surface 42 of concentric
shaft 36 defines a plane that is generally substantially perpen-
dicular to the longitudinal axis of the concentric shaft. Outer
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surface 42 is typically adapted to be substantially parallel to
front surface 30 of gear shaft 26. Plurality of members or
parallelogram-shaped prongs 128 extend longitudinally out-
wardly from outer surface 42 of concentric shaft 36.

Referring now to FIG. 6, another embodiment is a module
installable in a printing apparatus, i.e., a material supply
module 136 adapted for coupling with drive gear 22, which
includes gear shaft 26 extending outwardly therefrom. As
mentioned above, gear shaft 26 includes twisted triangular
coupling hole 32, which has defined vertices 33. Material
supply module 136 includes a housing 138 and drive shaft
125, which may be removably joined with the housing. Hous-
ing 138 generally includes an integral reservoir 140 for con-
taining materials. However, reservoir 140 may also be sepa-
rate but connectable to housing 138. Again, drive shaft 125 is
similar to drive shaft 25 as reflected by similar or identical
element numbers. Drive shaft 125 includes cylinder flange
34, which is joined to one end of drive shaft cylinder 24.
Concentric shaft 36 extends outwardly from cylinder flange
34 and includes outer surface 42, which is configured to be
substantially parallel to front surface 30 of gear shaft 26.
Plurality of members or parallelogram-shaped prongs 128
extend longitudinally outwardly from outer surface 42 of
concentric shaft 36. Members 128 generally are adapted to
engage twisted triangular coupling hole 32.

Referring now to FIG. 7, a drive shaft and gear shaft cou-
pling arrangement 220 includes another embodiment, a drive
shaft 225. Drive shaft 225 couples with drive gear 22, which
includes gear shaft 26 extending outwardly therefrom. Drive
shaft 225 is similar to drive shaft 25 as reflected by similar or
identical element numbers. Gear shaft 26 includes twisted
triangular coupling hole 32, which has defined vertices 33.
Drive shaft 225 includes cylinder flange 34 joined to one end
of drive shaft cylinder 24. Cylinder flange 34 has a concentric
shaft 36 extending outwardly therefrom and an outside edge
having gear teeth 38 defined therein. A rod 228 extends out-
wardly from concentric shaft 36. Rod 228 has three skewed
blades 230 extending radially outwardly therefrom. Rod 228
and blades 230 are adapted to fit within twisted triangular
coupling hole 32. Each of blades 230 is typically configured
s0 as to fit in one of vertices 33 of twisted triangular coupling
hole 32.

The embodiments described herein offer advantages over
the prior art. First, because parallelogram-shaped prongs 128
are spaced radially outward from the axis of rotation of drive
shaft cylinder 24, the stress transferred from the torque gen-
erated between drive gear 22 and drive shaft 125, which is in
turn transferred to the parts that make-up drive shaft 25, is
reduced. As a result, materials of lesser strength may be used
in fabricating drive shaft 125.

Second, in a configuration like arrangement 20, where the
coupling is between a triangular-shaped male portion and a
triangular-shaped female portion, the fabrication tolerances
for both the male and female portions is small. If either
portion is out of tolerance, the portions will fail to fit together.
In contrast, in a configuration such as arrangement 120, the
prongs will allow for a certain amount of flex thereby increas-
ing the overall manufacturing tolerance of the arrangement.
Because the prongs will have some flex, they will still be able
to couple with the female portion over a wider range of
manufacturing tolerances for both the male and female por-
tions.

Finally, drive shaft 225 offers a leaner design over prior art
configurations. As a result, less material is needed to fabricate
drive shaft 225.

It should be understood that any of the features, character-
istics, alternatives, or modifications described regarding a
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particular embodiment herein may also be applied, used, or
incorporated with any other embodiment described herein.

A number of embodiments have been described. Neverthe-
less, it will be understood that various modifications may be
made without departing from the spirit and scope of the
invention. Accordingly, other embodiments are within the
scope of the following claims.

What is claimed is:

1. A drive shaft for coupling with a drive gear having a gear
shaft extending outwardly therefrom, the gear shatt including
a twisted triangular coupling hole having defined vertices,
said drive shaft comprising:

a cylinder flange joined to one end of a drive shaft cylinder,
said cylinder flange having a concentric shaft extending
longitudinally outwardly therefrom, said concentric
shaft including an outer surface that is substantially per-
pendicular to said concentric shaft and adapted to be
substantially parallel to a front surface of the gear shaft
and

a plurality of members extending longitudinally outwardly
from said outer surface of said concentric shaft, wherein
said members are adapted to fit within the twisted trian-
gular coupling hole.

2. A drive shaft according to claim 1, wherein said plurality

of members is three parallelogram-shaped prongs.

3. A drive shaft according to claim 2, wherein each of said
parallelogram-shaped prongs includes an outward facing
angle of about 60°.

4. A drive shaft according to claim 3, wherein each outward
facing angle is adapted to substantially match one of the
vertices of the twisted triangular coupling hole.

5. A drive shaft according to claim 2, wherein each of said
parallelogram-shaped prongs has a particular vertical angle to
substantially match the twist of the twisted triangular cou-
pling hole.

6. A drive shaft according to claim 2, wherein each of said
parallelogram-shaped prongs are axially twisted along an
axis parallel to said concentric shaft so as to better fit in the
twisted triangular coupling hole.

7. A drive shaft according to claim 1, wherein said cylinder
flange includes an outside edge having gear teeth defined
therein.

8. A module installable in a printing apparatus, said module
adapted for coupling with a drive gear, the drive gear having
a gear shaft extending outwardly therefrom, the gear shaft
including a twisted triangular coupling hole having defined
vertices therein, said module comprising:

a housing;

a drive shaft joined with said housing, said drive shaft
including a cylinder flange joined to one end of a drive
shaft cylinder, said cylinder flange having a concentric
shaft extending longitudinally outwardly therefrom,
said concentric shaft including an outer surface that is
substantially perpendicular to said concentric shaft and
adapted to be substantially parallel to a front surface of
the gear shaft; and

a plurality of members extending outwardly from said
outer surface of said concentric shaft, wherein said
members include means for engaging the twisted trian-
gular coupling hole.

9. A module according to claim 8, further comprising a

reservoir in said housing for containing material.

10. A module according to claim 8, wherein each of said
plurality of members is a parallelogram-shaped prong having
an outward facing angle of about 60°.
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11. A module according to claim 10, wherein each outward
facing angle is configured to substantially match one of the
vertices of the twisted triangular coupling hole.

12. A module according to claim 8, wherein each of said
plurality of members has a particular vertical angle so as to
substantially match the twist of the twisted triangular cou-
pling hole.

13. A module according to claim 8, wherein each of said
plurality of members is axially twisted along an axis parallel
to said concentric shaft so as to better fit in the twisted trian-
gular coupling hole.

14. A module according to claim 8 wherein said plurality of
members are parallelogram-shaped prongs that extend out-
wardly from said outer surface of said concentric shaft.

15. A drive shaft for coupling with a drive gear having a
gear shaft extending outwardly therefrom, the gear shaft
including a twisted triangular coupling hole having defined
vertices, said drive shaft comprising:

acylinder flange joined to one end of a drive shaft cylinder,

said cylinder flange having a concentric shaft extending
longitudinally outwardly therefrom; said concentric
shaft including an outer surface that is substantially per-
pendicular to said concentric shaft and adapted to be
substantially parallel to a front surface of the gear shaft
and

rod extending outwardly from said outer surface of said
concentric shaft, said rod having three skewed blades
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extending radially outwardly therefrom, wherein said
rod and said blades are adapted to fit within the twisted
triangular coupling hole.

16. A drive shaft according to claim 15, wherein each of
said skewed blades are configured so as to fit in one of the
vertices of the twisted triangular coupling hole.

17. A drive shaft according to claim 15, wherein said cyl-
inder flange includes an outside edge having gear teeth
defined therein.

18. A drive shaft for coupling with a drive gear having a
gear shaft extending outwardly therefrom, the gear shaft
including a twisted triangular coupling hole having dpfined
vertices, said drive shaft comprising:

a cylinder flange joined to one end of a drive shaft cylinder,
said cylinder flange having a concentric shaft extending
longitudinally outwardly therefrom; said concentric
shaft including an outer surface that is substantially per-
pendicular to said concentric shaft and adhpted to be
substantially parallel to a front surface of the gear shaft
and

three spaced apart parallelogram-shaped prongs extending
longitudinally outwardly from said outer surface of said
concentric shaft, each of said prongs including an out-
ward facing angle adapted to substantially match one of
the vertices of the twisted triangular coupling hole and
each prong being axially twisted along an axis parallel to
said concentric shaft enabling said prongs to fit within
said twisted triangular coupling hole.
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